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By Peter B r i  ngol f 
Comnunica t i o n  S t u d i e s ,  Concord ia  U n i v e r s i t y  
W u c h  has been sa id  and speculated about the app l i ca t ion  o f  Holography i n  mass com- 
munications media. 
The myth and novel ty  surrounding Holography make i t  very d i f f i c u l t  f o r  the lay -  
person t o  r e a l l y  understand and grasp the whole p o t e n t i a l  o f  appl ied Holography. I n  
very much the same way t h a t  c o l o r  TV revo lu t ion ized  the media f i e l d ,  Holography w i l l  
also. There i s  no sudden switch. I t  w i l l  come as f a s t  o r  as slow as co lo r  TV did. 
To t h i s  date we s t i l l  have b lack and whi te  TV, though hard ly  a s t a t i o n  i n  the world. 
w i t h  the exception o f  some developing countr ies, s t i l l  broadcast i n  B & W TV. 
How w i l l  Holography enter  our everyday l i f e  and how w i l l  i t  progress i n t o  the 
fu tu re?  I can see i t  i n  three stages. However, a necessary p re requ is i te  t o  these 
i s  t o  prepare the pub l i c  t o  accept Holography as a newer and b e t t e r  medium than any 
t h a t  mankind has ever known. By t h i s  I do no t  mean t h a t  we are t o  go ou t  and s e l l  
Holography as a f i n i s h e d  product b u t  ra ther  t o  make known the facts ,  purpose and 
p o s s i b i l i t i e s .  
I t i s  important t h a t  the pub l i c  knows the advancements o f  t h i s  f i e l d  as we l l  as 
D e s t r o y  ~ y t h s  i t s  1 im i ta t ions .  I f  the pub l i c  i s  t o  be made aware t h a t  there e x i s t s  a too l  o f  com- 
o f  " S t a r  Wars" munications f a r  more powerful than anything known o f  today, then myths perpetuated 
For Holograms by movies such as "Star  Wars" and other such u n s c i e n t i f i c  nonsense must be destroyed. 
As f a r  as we can date back i n  h i s t o r y ,  man's w i l d e s t  dreams have always been i l l u -  
sions. Yet man remains a dreamer. Ergo we have the demons, the f a i r i e s ,  the 
dwarves, the gods, e tc .  
This new form o f  connunicat ion must no longer rmaa in  a dream o f  the f u t u r e  o r  i t  
could very we l l  develop i n t o  the u l t ima te  i l l u s i o n .  Myth and i l l u s i o n  abolished, 
we can e a s i l y  o u t l i n e  the 3 steps. 
STEP ONE 
The f i r s t  step i s  r e a d i l y  ava i lab le  o f f  the shelves. Whenever I walk o r  d r i v e  
through la rge  c i t i e s  such as New York o r  D e t r o i t  I get  v i s u a l l y  nauseated by the 
p e r f e c t  ugl iness o f  the monstrous s t ructures c a l l e d  b i l l boards .  kt on ly  are m s t  
o f  them worn ou t  by r a i n  and snow o r  bleached by the sun, b u t  the frameworks sup- 
p o r t i n g  these poor two-dimensional reconstruct ions o f  products are usua l l y  rusted o r  
de te r io ra ted  t o  such an ex ten t  t h a t  the advertisements l i k e l y  have an unintended 
negative e f f e c t  on the viewers. 
Anyone who has seen a co lour  Hologram w i l l  agree t o  i t s  per fect  reconstruct ion 
o f  a 3-D ob jec t  i n  space. I n  f a c t  the reac t ion  o f  most people i s  t o  declare i t  an 
i l l u s i o n ,  which i t  i s  not.  The holographic ob jec t  i s  an exact r e p l i c a  o f  the 
o r i g i n a l  except t h a t  i t  lacks i n e r t i a .  I t i s  hard f o r  some t o  understand t h a t  the 
photographic emulsion does i n  f a c t  have a t h i r d  dimension, namely t h a t  o f  depth on a 
molecular l e v e l .  
r Holography i n  t h e  Greek  l a n g u a g e  means " t h e  whole  message" .  The  c o n c e p t  and i n i t i a l  
d i s c o v e r y  was i n t r o d u c e d  b y  Dennis  Gabor i n  1947  and p u b l i s h e d  i n  1948 b e f o r e  l a s e r  l i g h t  
was u s e d .  I n  1960 o c c u r r e d  the i n v e n t i o n  o f  the l a s e r  a t  MIT i n  Cambr idge ,  Mass.,  and 
the f i r s t  ho logram was produced s u b s e q u e n t l y  a t  the U n i v e r s i t y  o f  M c h i g a n ,  Ann Arbor. 
! The ho logram i s  the f i n i s h e d  p r o d u c t  o f  a 3 -d imens iona l  o b j e c t  i n  s p a c e .  Space  i n  this 
! a p p l i c a t i o n  i s  the s p a c e  i n  f r o n t ,  b e h i n d  and o n  t h e  p l a n e  o f  t h e  ho logram.  
A well-made ho logram p i c t u r e  i s  p e r c e i v e d  a s  a r e a l  o b j e c t  b e c a u s e  this p i c t u r e  c a n  
h a v e  a l l  t h e  v i s u a l  p r o p e r t i e s  o f  the o b j e c t .  The main  f e a t u r e  o f  the h o l o g r a p h i c  
c inematography  w i l l  be a p i c t u r e  i n d i s t i n g u i s h a b l e  f rom the o r i g i n a l  o b j e c t .  
I t  i s  i m p o r t a n t  t o  r e a l i z e  t h a t  we a r e  d e a l i n g  w i t h  a s c i e n t i f i c  f i e l d  and o n l y  a v e r y  I s m a l l  p o r t i o n  o f  this a s  a b v - p r o d u c t  h a s  e n t e r e d  t h e  a r t  and media f i e l d .  - P . B .  I 
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What has a l l  t h i s  t o  do w i t h  the ugl iness o f  b i l l b o a r d s ?  Since we are inc l ined  
Can ' t T e l l  Real to  be l ieve t h a t  t h i s  k ind  o f  c m u n i c a t i o n  i s  an important too l  o f  advertisement and 
From Hologram w i l l  a c t u a l l y  lead t o  some p o s i t i v e  r e s u l t s ,  then l e t  us a t  l e a s t  no t  destroy a 
c i t y ' s  image w i t h  these monstros i t ies.  
Today's technology p e n i  t s  us t o  produce la rge  sheets o f  t o t a l l y  a c r y l i c  p l e x i -  
glass which w i l l  stand up t o  the elements much b e t t e r  than s tee l  s t ructures and 
b i l l boards  o f  paper. We could e r e c t  them instead, o r  even suspend them w i t h  wires 
from already e x i s t i n g  bu i ld ings .  Attach the white l i g h t  r e f l e c t i o n  Hologram t o  the 
surface o f  the p lex ig lass  and w i t h  a r t i f i c i a l  i l l u m i n a t i o n  or ,  even be t te r ,  d i r e c t  
sunl ight,wehave a p e r f e c t  3-D reproduct ion o f  the o r i g i n a l .  I n  f a c t ,  so rea l  and 
s table i s  t h i s  image t h a t  one would be q u i t e  unable t o  d i s t i n g u i s h  between the rea l  
ob jec t  and the holographic p ro jec t ion ,  i f  placed s ide by side. Any holographic 
image o f  course i s  approximately 100 times b r i g h t e r  than a r e f l e c t e d  image o f  a  
surface 1 i ke a b i  11 board. 
This i s  on ly  one example bu t  I am convinced t h a t  the breakthrough w i l l  be i n  
d isp lay  advertisement. Holograms can a lso be used t o  reduce the r i s e  o f  t h e f t  and 
vandalism. For instance, a l l  valuable d isp lay such as r a r e  coins, jewel ry  o r  a r t  
ob jects  can be displayed as Holograms. Using t h i s  method a jewe l le r ,  for instance. 
can leave h i s  d isp lay  i n  the window a t  a l l  times. The p o s s i b i l i t y  o f  d isp lay 
adver t i s ing  i s  on ly  r e s t r i c t e d  t o  the imaginat ion o f  the adver t i s ing  agent. 
STEP TWO 
This w i l l  i nvo lve  the movie and theater  indust ry  d i r e c t l y .  To t h i s  date the major 
cos t  involved i n  producing movies i s  t h a t  o f  l oca t ion  shooting w i t h  an e n t i r e  cas t  
and crew. The second l a r g e s t  ou t lay  i s  f o r  special  e f fec ts .  
With Holography both of these enormous costs can be reduced t o  a mere f rac t ion  of 
the present cost.  One could s t a r t  by rep lac ing la rge  and c o s t l y  sets o r  loca t ions  
w i t h  Holograms. For instance, consider a scene which c a l l s  f o r  a  medieval c a s t l e  
i n t e r i o r  and e x t e r i o r  l oca t ion ,  a  cast  o f  10, plus crew, p lus ext ras.  To move a l l  
t h i s  t o  the l o c a t i o n  and t o  b u i l d  la rge  Hollywood s t y l e  sets, involves huge costs. 
Instead we could simply send one cinematographer t o  t h a t  p a r t i c u l a r  l o c a t i o n  and 
have him do a l l  the scene shots w i thou t  the cas t  b u t  from various angles. This can 
be done w i t h  our ord inary co lour  raw stock. This w i l l  then be t rans fe r red  t o  holo- 
graphic f i l m  and thus we have a l l  non-movable scenes. With the camera i n  f ron t  o f  
the holographic p l a t e  w i t h  a monochromatic l i g h t  source t o  d isp lay  the Hologram, a 
l i f e - s i z e d  space image i s  formed and a l l  movable ac t ion  can now take place. Careful 
b lock ing i s  o f  g rea t  importance since the cas t  i s  unable t o  see the holographic image 
and one could e a s i l y  walk through "wal ls"  o r  any other  ob jects .  But t h i s  i s  a  mere 
t e c h n i c a l i t y  and w i l l  no t  present any problems. Screen changes can be done w i t h i n  
seconds and there fo re  costs are c u t  again. By now i t  i s  apparent t h a t  a l l  the ac- 
t i o n  shooting can be done i n  a s tud io.  By t h i s  we have created a very s tab le and 
con t ro l led  environment. Front o r  key l i g h t i n g  must o f  course i l l u m i n a t e  a l l  l i v e  
ac t ion  since the holographic space image i s  b a c k l i t  and would only  s i l h o u e t t e  the 
actors. 
To d isp lay  such la rge  Holograms the need f o r  a  la rge  and powerful coherent l i g h t  
source i s  a  necessity and i t  must a lso  have a bandwidth t h a t  covers the pr imaries 
red, green and blue. This, again, i s  j u s t  a  t e c h n i c a l i t y  and i s  ava i lab le  o f f  the 
she l f .  
STEP THREE 
Before going i n t o  t h i s ,  l e t  me assure a l l  those i n  the f i l m  and TV indus t ry  t h a t  
holographic cinematography w i l l  n o t  cause anyone t o  go bankrupt. We are a c t u a l l y  
c rea t ing  new jobs and a new indus t ry  t o  a r r i v e  a t  a  more s a t i s f y i n g  product, one 
which has the p o t e n t i a l  t o  tu rn  a passive viewer i n t o  an a c t i v e  one. 
Holographic Cinematography o r  3-D f i l m  has i n t r i g u e d  the f i l m k e r s  ever since 
the era o f - m o t i o n  p i c t u r e  entered our l i v e s .  Now o f  ;the pas t  are the various systems 
o f  stereoscopic f i l m s  f o r  which you had t o  wear goggles t h a t  never seemed comfortable 
and the viewing of the f i l m  was guaranteed t o  leave y o u w i t h  a t e r r i f i c  headache i f  
you could bear t o  s tay long enough. 
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Live Actor May 
Walk Through 
Tree, Vanish 
I f  we look a t  how t h i s  i l l u s i o n  i s  created and the e f f e c t  i t  has on our Optic 
nervous systemwhile viewing, i t  i s  a wonder t h a t  those so-called 3-0 films were not 
outlawed long ago. We sha l l  remember them as a thing of the pas t ,  a r igh t fu l  place 
f o r  them t o  remain. 
Holographic Cinematography wil l  be able  t o  be executed in two ways. Both methods 
wil l  have cer ta in  advantages a s  well as  disadvantages so the two wil l  1 ikely be 
integrated.  One system wil l  be using cameras of the 70mn format but which wil l  be 
modified t o  accept a reference beam of a pulsed lase r .  All types of Holograms a re  
brought about by using 2 beams of the same l a s e r ,  one ca l led  the "object"  beam, 
the other  the "reference" beam. 
The reference beam i l luminates  the  holographic f i lm while the object  beam r e f l e c t s  
o f f  the object  and back t o  the  holographic f i lm,  thus forming interference.  This 
modified camera i s  coupled t o  a powerful pulsed l a s e r  which i s  capable of las ing on 
a bandwidth t h a t  covers red, green and blue. The holographic f i lm i s  moving in te r -  
mit tent ly through the gate  and each s ing le  frame i s  exposed. 
This method of filming can be used f o r  i n t e r i o r  o r  e x t e r i o r  shooting. However, 
one must r e a l i z e  t h a t  f o r  e x t e r i o r  shooting a rather  l a rge  power supply i s  needed 
and so the  second and following method would be t o  one ' s  advantage. This i s  done 
the conventional way with ordinary colour rawstock and l a t e r  t ransferred onto 
holographic film. 
To make holographic cinema, the only required modification would be t o  the lamp- 
house of the projector  f o r  which we would need a coherent l i g h t  t o  illuminate and 
project  the holographic film. An opt ical  screen i s  needed so t h a t  a space image can 
be formed between the projector  and t h a t  opt ical  screen. The screen i s  a multiply- 
ing device t h a t  has secondary focussing centers  and wi l l  produce one image f o r  each 
individual viewer. Thus, i f  we have 200 viewers we then have 200 space images. 
A holographic f i lm,  as  previously mentioned, i s  a t  l e a s t  100 times br ighter  than 
our conventional films projected on a screen, and with the act ion r i g h t  i n  f r o n t  of 
us i n  3-0 the fee l ing  of r e a l i t y  is so grea t  t h a t  t h i s  could be ca l led  the ultimate 
i l l u s i o n .  All t h a t  i s  missing i s  the smell which.is r e a l l y  only a minor t echnica l i ty .  
Live ac t ion  i n  a holographic film could add an even grea te r  sense of r e a l i t y  as  
i t  would be impossible t o  t e l l  the l i v e  ac tor  from the holographic ac tor .  Careful 
blocking i s ,  of course, important s ince the  l i v e  ac tor  i s  unable t o  see the  Hologram. 
So i t  could be e a s i l y  possible  f o r  a l i v e  ac tor  t o  walk through h i s  holographic 
counterpart  only t o  disappear behind him. We must remember Holograms do c a s t  shadows. 
You may walk through a t r e e  but once you a re  behind i t  you a r e  i n  the shade of i t  
and therefore no longer v i s i b l e .  The d i s t r i b u t i o n  of holographic TV t o  the public 
would come next. 
Holography has y e t  another dimension, namely t h a t  of the speculat ive fu ture .  The 
three s teps  out l ined here a r e  not a f u t u r i s t i c  outlook but could e a s i l y  be turned 
in to  present r e a l i t y  with today's technology. 
Let us then fake a look a t  the fu ture  and the use Holography wil l  have. Over 
the past  few years ,  the computer, l i k e  the hand c a l c u l a t o r ,  made i t s  way i n t o  our 
homes. Now, f o r  approximately $3,000 one can have a programable computer which 
can do p r a c t i c a l l y  anything, shor t  of swimming i n  a pool. No doubt these computers 
w i l l ,  l i k e  the  c a l c u l a t o r ,  become more and more complex and sophist icated.  What's 
more, they a r e  rapidly dropping i n  pr ice and therefore they a r e  becoming readi ly 
avai lable  t o  the  mass pub1 i c .  Those computers wil l  be a b l e  t o  hook in to  a central  
computer and so manufacturer, d i s t r i b u t o r  and the public move a s t e p  c loser .  
We must accept the  f a c t  t h a t  Holography wil l  replace present TV. The replacement 
wi 11 be holographic scanners which wi 11 receive s igna ls  via 1 aser-coded t ransmit ters  
and the space image wi l l  be formed in our homes. 
I f  computers and Holography a r e  combined ,'mankind wil l  then have a tool so power- 
ful  and convenient t h a t  i t  staggers the mind. 
I f  I shop f o r  a new s u i t  today, i t  involves two things.  First, I v i s i t  my t a i l o r  
who would show me catalogues from which I could make my se lec t ion .  Measurements 
would have t o  be taken and a t  l e a s t  two more v i s i t s  would be necessary un t i l  I would 
have my s u i t .  Or I could go through the agonizing t o r t u r e  of running from one crowded 
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s to re  t o  another u n t i l  i n  t o t a l  f r u s t r a t i o n  I end up buying something " o f f  the rackv 
nowhere near what I may have envisioned. 
Holography and computers w i l l  change a l l  tha t .  It w i l l  be w i t h  a minimum o f  
step rnto Space e f f o r t  t o  shop f o r  a s u i t  w i t h  the a i d  of a computer and holography, a l l  I would 
Image For A have t o  do i s  t o  ask my computer t o  d isp lay va r ia t ions  o f  s u i t s  f o r  my s ize  and 
New S u i t  shape. Wi th in  seconds space images o f  s u i t s  would appear i n  my home, displayed 
through the cen t ra l  computer and a manufacturer who stored a l l  types o f  s u i t s  i n  
the centra l  computer. I would simply step i n t o  t h a t  space image and look i n t o  the 
m i r r o r .  I f  s a t i s f i e d ,  I could t e l l  my computer and the order would be f i l l e d  and 
the s u i t  del ivered. 
With t h i s  method I could sample hundreds o f  s u i t s  t a i l o r e d  f o r  me w i t h i n  a couple 
o f  hours and suffer no discomfort. O f  course, i f  my psychological hangup would no t  
a l low me t o  buy a product wi thout  a c t u a l l y  touching i t  I could then go t o  the near- 
e s t  manufacturer and t r y  the prev ious ly  selected s u i t .  
Whenever there are important negot ia t ions o r  business deals t o  be made a personal 
contact i s  of g rea t  importance. People move h a l f  way across the world j u s t  t o  reach 
an agreement, sometimes t o  t h e i r  great  discomfort and personal inconvenience, no t  t o  
mention loss o f  time. 
Holography can change that .  A s p a t i a l  image can be sent t o  be present i n  3-D 
wh i le  the person remains i n  the comfort o f  h i s  o r  her home. Since image and trans- 
m i t t e d  sound t r a v e l  a t  the speed o f  l i g h t  we could i n  a way say t h a t  man can instan- 
taneously t r a v e l  a l l  over our  p lanet .  Obviously t h i s  i s  no t  so. Only a space image 
can do that ,  b u t  as w i t h  a l l  comnunications the i n t e n t  i s  two ways and therefore the 
other  s ide  must send a space image i n  re tu rn .  
Furthermore, i f  a conference i s  c a l l e d  i n  one s ing le  room and one of the people 
i n  t h i s  room i s  i n  f a c t  a space image, there would be no t e l l i n g  which person i t  
was save bumping i n t o  o r  r a t h e r  through t h i s  person. 
Speculations on f u t u r e  app l i ca t ion  o f  Holography can only  be : imi ted t o  one's 
imagination. Once the breakthrough i s  made and the technology i s  ava i lab le  t o  the 
consumer, there i s  no t e l l i n g  what might happen. 
Holography and the Sandbox 
Every so o f t e n  when I meet people I am asked the t y p i c a l  question: "What do you 
do f o r  a l i v i n g ? "  I take much p r i d e  i n  expla in ing my p o s i t i o n  a t  Concordia, and 
then, w i t h  a b i t  o f  malice, casual ly  conclude: "and I do research i n  Holography." 
The r e a c t i o n  i s  i n v a r i a b l y  "What i s  Holography?" This quest ion launches me i n t o  my 
favour i te  subject.  So then, what i s  Holography? 
Holography i s  the reconstruct ion o f  3-dimensional ob jec ts inspace .  Space i n  t h i s  
case i s  the space displaced by the p ro jec t ion ,  c a l l e d  a "space image". The physical 
r e a l i t y  o f  the holographic image takes place on a 2-D sheet o f  f i l m  b u t  the image i s  
i t s e l f  a 3-D representat ion o f  a 3-D object .  
The mate r ia l s  needed t o  produce Holograms are s u r p r i s i n g l y  simple: a f i l m  w i t h  
a h igh reso lv ing  power, some hardware and some' genera l ly  inexpensive op t i cs .  The 
hardware I use includes: a la rge  s turdy table; a box made o f  3 cm t h i c k  plywood, 
2 m by 1.5 m by 25 cm deep; fou r  25 cm i n f l a t e d  innertubes; 10 o r  more PVC pipes, 
25 cm long and 5 cm i n  diameter, on which t o  mount the opt ics;  and 200 kg o f  s i l i -  
cone sand. 
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YOU CAN SET UP YOUR HOLOGRAPHY LAB EASILY  AND AT LOW COST 
A t  C o n c o r d i a  
He1 i urn Neon 
Lasers U s e d  
THE RESULTS ARE "AWESOME" 
The s e t  up i s  such t h a t  the plywood box i s  suspended on the innertubes on the 
table. The box contains the dust free sand and supports the PVC pipes w i t h  the 
opt ics.  The sand both provides a convenient method o f  arranging the op t i cs  a t  the 
exact needed angle and i t  reduces the p o s s i b i l i t y  o f  v ib ra t ions .  The i n f l a t e d  ihner-  
tubes between the t a b l e  and the box f u r t h e r  e l im ina te  v ib ra t ions .  This i s  o f  great  
importance as any s l i g h t  movement dur ing the exposure time w i l l  r u i n  the image. 
This i s  the l e a s t  expensive holographic tab le  and exce l len t  r e s u l t s  can be achieved 
i f  proper care i s  taken. Two such sandbox systems are i n  successful use i n  the 
research l a b  o f  the C m u n i c a t i o n  Studies department a t  Concordia Univers i ty .  As 
Holograms must be produced w i t h  a coherent l i g h t  source, a low-power Helium Neon 
laser  i s  used. Also needed are a spa t ia l  f i l t e r  t o  reduce s p a t i a l  noise, a few 
p o s i t i v e  as we l l  as double concave lenses and some f r o n t  surface mi r ro rs .  
When exposing a Hologram a number o f  th ings happen. The f i l m  i s  exposed t o  laser  
l i g h t  through two beams, the ob jec t  beam and the reference beam. The two beams must 
a r r i v e  on the holographic f i l m  a t  p rec ise ly  the same i n s t a n t  t o  create an i n t e r f e r -  
ence. I f  one o f  the two beams i s  disturbed, as from a v ib ra t ion ,  the in ter ference 
o f  the two beams w i l l  n o t  occur on the f i l m  and no Hologram w i l l  r e s u l t .  Mono- 
chromatic l i g h t  o r  Laser l i gh t  a c t  much d i f f e r e n t l y  when in te r fe red  w i t h  than does 
ord inary l i g h t .  I f  two s p o t l i g h t s  are focused on each other  the . l i g h t  luminosi ty  
i s  doubled. However, i f  two l a s e r  beams are focused on each other  they w i l l ,  t o  a 
g rea t  extent,  cancel each other  out.  This i s  c a l l e d  in te r fe rence  and i s  the basis 
o f  a Hologram. It i s  therefore very important t h a t  noth ing d is tu rbs  o r  delays t h a t  
in te r fe rence  dur ing the exposure. This appl ies t o  a l l  types o f  Holograms. The 
on ly  exception would be t o  use a powerful l aser  permi t t i ng  an extremely shor t  expo- 
sure time, hence, no danger o f  v i b r a t i o n  d i s t u r b i n g  the image. 
At  the research l a b  a t  Concordia 5 and 6 m i l l  i w a t t  He1 ium Neon lasers are used. 
Using t h i s  system, the most common Holograms prodyced a re  the whi te  1 i g h t  r e f l e c t i o n  
Hologram and the conventional transmission Hologlm.  
The whi te  l i g h t  r e f l e c t i o n  Hologram i s  probably the most convenient one as i t  
can be viewed w i t h  s u n l i g h t  o r  any other  non coherent l i g h t  source. The transmission 
Hologram on the other  hand requi res the use o f  a l a s e r  o r  mercury l i g h t  w i t h  a green 
f i l t e r .  The transmission Hologram permits much more depth and can be used f o r  la rge  
objects. A t  the lab  the greatest  depth o f  a whi te  l i g h t  r e f l e c t i o n  Hologram we have 
produced i s  about 25 cm. The image o f  a l i o n ' s  head appears t o  protrude 25 cm from 
the holographic p la te .  Scenes used f o r  transmision Holograms e a s i l y  exceed 60 cm. 
Students genera l ly  s t a r t  w i t h  whi te  l i g h t  r e f l e c t i o n  Holograms as they are the 
eas iest  type t o  make. Care must be taken t o  ensure t h a t  before the f i l m  i s  exposed 
both the hardware and the ob jec t  are i n  t h e i r  proper pos i t i ons .  The l a s e r  should 
have been on a t  l e a s t  30 minutes p r i o r  t o  exposure time t o  achieve the most s tab le  
l a s i n g  mode. A s p a t i a l  f i l t e r  i s  placed i n  the beam and the beam i s  dispersed w i t h  
a p o s i t i v e  lense t o  i l l u m i n a t e  the ob jec t  evenly. A piece o f  black cardboard i s  
then placed i n  f r o n t  o f  the l a s e r  beam so t h a t  no l i g h t  h i t s  the object .  The best 
r e s u l t i n g  images come from using a shiny object.  Although the s e n s i t i v i t y  of the 
holographic f i l m  i s  very low, the room should be as dark as poss ib le  and only  green 
safety  l i g h t s  should be used. 
The f i l m  i s  placed as closed as poss ib le  t o  the object .  Rather than using glass 
type f i lmp la tes ,  a c e l l u l o i d  f i l m  placed between two glass p la tes  and held together 
by s t rong clamps w i l l  do j u s t  as we l l  and i s  much less  expensive. However no a i r  
must remain between the p la tes  o r  the f i l m  could move dur ing exposure r e s u l t i n g  i n  
in te r fe rence  and no Hologram. 
Exposure time f o r  t h i s  type o f  Hologram which displaces an area space of approx- 
imate ly  15 cm by 10 cm and by 15 un deep wh i le  using a 6 m i l l i w a t t  laser ,  i s  
one-half second. The l a r g e r  the scene, the longer the exposure. Exposures can be 
determined w i t h  a Luna s i x  pro Lightmeter. The l ightmeter  wi thout  the inc iden t  dome 
i s  placed i n  the path of the reference beam a t  the holographic p la te .  The scale 
used i s  the number i n d i c a t o r  index. I f  the needle reads 15 the exposure should be 
one-half second 14: one second 13: two seconds e tc .  
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TRANSMISSION HOLOGRAPIS : 
Transmission Holograms r e q u i r e  a g r e a t  deal  more p repa ra t i on  t ime.  More hardware 
i s  used and once aga in  ca re  must be taken t h a t  a l l  t he  o p t i c s  a re  i n  t h e i r  proper 
p o s i t i o n s .  A t ransm iss ion  Hologram g e n e r a l l y  i s  used f o r  l a r g e  scenes o r  f o r  
a r t i s t i c  e f f e c t s .  For t h i s  type o f  Hologram a minimum o f  two beams "from the  same 
l a s e r "  a r e  needed. Even l a s e r s  o f  t he  same type d o n ' t  always l a s e  a t  t he  same 
frequency. I f  t h e  frequency o f  t he  beams i s  o f f  by a mere f r a c t i o n  o f  a c y c l e ,  no 
i n t e r f e r e n c e  wi  11 r e s u l  t. 
To l i g h t  a scene a r t i s t i c a l l y  more than two beams can be used and, as i n  photo- 
graphy, spec ia l  e f f e c t s  can be c rea ted  by t he  use o f  low o r  h i g h  key l i g h t i n g .  Holo- 
grams c a s t  shadows which can be used t o  h igh ten  c o n t r a s t  between t h e  scene and f o r e  
o r  back ground. To produce such Holograms a s p a t i a l  f i l t e r  i s  p laced i n t o  t he  l a s e r  
beam and a beamsp l i t t e r ,  which i s  a h a l f s i l v e r  coated m i r r o r  o r  a t h i c k  p iece o f  
g lass,  i s  p laced i n t o  t he  pa th  nex t  t o  t he  s p a t i a l  f i l t e r .  Th is  w i l l  s p l i t  t he  beam 
a t  90' angles.  P o s i t i v e  lenses a r e  p laced a t  t h e  proper  d i s tance  i n  t he  path  o f  t he  
two beams and a r e  focused w i t h  t he  h e l p  o f  two f r o n t  su r face  m i r r o r s .  The luminus 
r a t i o  of t h e  two beams shou ld  be 1 t o  4.  The re fe rence  beam must always be s t ronge r  
than t h e  o b j e c t  beam. The l a r g e r  t he  scene, t he  h i g h e r  t he  r a t i o .  The re fe rence  
beam w i l l  be d i r e c t e d  onto  t he  f i l m p l a t e  w h i l e  t he  o b j e c t  beam even ly  i l l u m i n a t e s  
the  ob jec t s .  The o b j e c t  beam emanates f rom beh ind t h e  ho lograph ic  p l a t e ,  s l i g h t l y  
t o  t h e  l e f t  o r  t h e  r i g h t  s i de .  The l i g h t  r e f l e c t e d  f rom t h e  o b j e c t  f a l l s  on t h e  
f i l m p l a t e  and i n t e r f e r e n c e  w i t h  t he  re fe rence  beam r e s u l t s .  To m a i n t a i n  temporal 
coherence, extreme care  must be taken t o  ensure t h a t  t he  d is tances f rom the  beam- 
s p l i t t e r  t o  t h e  o b j e c t ,  t o  t h e  p l a t e  equals t h a t  o f  t h e  re fe rence  beam t o  t he  p l a t e .  
A t  p resen t  t h e  b e s t  a v a i l a b l e  f i l m s  a r e  Agfa 8E75 a n t i  halagon o r  8E75 non a n t i  
halagon. For w h i t e  l i g h t  r e f l e c t i o n  a non a n t i  halagon f i l m  must be used. For 
t r ansm iss ion  an a n t i  halagon back ing i s  bes t .  
DEVELOPING TECHNIQUES: 
A l l  p r o p e r l y  exposed holograms a r e  developed f o r  5 minutes i n  D 19 Kodak developer,  
a l though I found t h a t  more s t a b l e  Holograms can be achieved by overexposing and under- 
deve lop ing.  
For t r ansm iss ion  Holograms 30 seconds i n  a Kodak s top  bath ,  24 minutes i n  Kodak 
f i x e r ,  a wash o f  5 minutes and then b leach g i ves  bes t  r e s u l t s .  The b leach i s  
"ex t remely  t o x i c  and c a u s t i c "  b u t  n o t  v o l a t i l e .  I t  must be handled w i t h  care,  
u s i n g  rubber  g loves and g lass  o r  p l a s t i c  con ta ine rs .  It c o n s i s t s  o f  20 grams o f  
mercu r i c  c h l o r i d e  and 20 grams o f  potassium bromide d i s s o l v e d  i n  1 l i t e r , o f  de ion ized 
water.  For w h i t e  l i g h t  r e f l e c t i o n  Holograms 5 minutes i n  D 19 and a wash f o r  5 min. 
i s  s u f f i c i e n t .  Experiments have shown t h a t  t h e  image on a Hologram developed i n  t h i s  
way w i l l  remain  s t a b l e  and b r i g h t  even i f  s o l a r i z e d  f o r  a yea r .  
Al though Holography i s  a r e l a t i v e l y  new f i e l d ,  the  comp lex i t i es  o f  which a re  v a s t  
and as y e t  unexplored, t he  p resen t  a t t a i n a b l e  r e s u l t s  a r e  awesome. Furthermore the  
p o t e n t i a l s  i t  c a r r i e s  f o r  t he  f u t u r e  i n  d i s p l a y  a d v e r t i s i n g  and moving f i l m  a r e  very  
g rea t .  Making ho log raph i c  images r e q u i r e s  care  and p r e c i s i o n  b u t  i t  i s  n e i t h e r  
o v e r l y  c o s t l y  n o r  d i f f i c u l t .  You can s e t  up you r  own l a b  f o l l o w i n g  t h e  set-up we 
use a t  Concordia as o u t l i n e d  i n  t h i s  a r t i c l e .  Experiment a b i t  w i t h  exposure and 
deve lop ing techniques - t h e r e  i s  much y e t  unknown. 
I n  t h e  l a t e  6 0 ' s ,  t h e  e d i t o r  v i s i t e d  Loyo la  C o l l e g e  where R e v .  John O'Br ien  showed 
him an e a r l y  l a s e r - l i g h t  e x p e r i m e n t a l  l a b .  R e t u r n i n g  i n  1 9 7 8 ,  h e  was b r o u g h t  up t o  
d a t e  b y  P e t e r  B r i n g o l f  and Dr.  M.F. Malik i n  t h e  d e v e l o p m e n t  o f  t h i s  e x p e r i m e n t  a t  
C o n c o r d i l  U n i v e r s i t y .  ( L o y o l a  u n i t e d  w i t h  S i r  George  W i l l i a m s  U.) - E .  Bea t t i e  
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MULTIBEAM TRANSMISSION: 
S p a t i a l  
F i l t e r  
T h i s  s e t  u p  a l l o w s  you to  u s e  
a  number o f  beam s p l i t t e r s  t o  
c r e a t e  a r t i s t i c  l i g h t i n g .  
Beam r a t i o  s h o u l d  be 4 t o  1  
R e f e r e n c e  beam i s  a l w a y s  s t r o n g e r  
4 
F i l m  
O b j e c t s  Beam 
M i r r o r  Beamspl i  t ter Mirror 
This set  up i s  more o r  less  the most comnon one used and r e s u l t s  are very good. 
The most important p o i n t  i s  t o  mainta in  temporal coherence i . e .  the d is tance from 
beam s p l i t t e r  t o  p l a t e  must equal the distance from beam s p l i t t e r  t o  ob ject ,  t o  
p la te .  For a r t i s t i c  effects, one can use 2 o r  more s p l i t t e r s  and a ground glass 
instead o f  a lens t o  dispense the beam t o  i l l u m i n a t e  the object .  
L a s e r  
M i r r o r  
2 
",' 
M i r r o r  
M i r r o r  T h i s  set u p  u s e s  a  r a i s e d  
r e f e r e n c e  beam. The a n g l e  
F i l m  was a p p r o x i m a t e l y  30 O b j e c t  L e f t  i s  a  s i d e  v i e w  o f  the 
O b j e c t  r e f e r e n c e  beam i n  r e l a t i o n  
t o  the o b j e c t  
F i l m  3eam 
O b j e c t  Beam 
' S p l i t t e r  
A very i n t e r e s t i n g  and e f f e c t i v e  hologram i s  the 360' hologram which you can view on 
a l l  sides. This hologram appears very easy t o  do as i t  i s  again a one beam hologram. 
L a s e r  Lens  F i l m  
P l e x i q l a s s  c y l i n d e r  
Sand lm--L&+ 
I found t h a t  i n  r e a l i t y ,  t h i s  i s  a very d i f f i c u l t  one t o  do. 
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